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Abstract: Twelve species of the genus Ophiomorus DUMÉRIL & BIBRON, 1839 have been identified and introduced so far and
seven species of this genus have been found in Iran which include four endemic species and three nonendemic species. Although
geometric morphometry is a powerful tool to analyze morphological changes, the discovery and identification of these species have
long relied on traditional morphometric analysis. In this study, geometric morphometric analyses were used to determine the geometric
morphometrics of different species of the genus Ophiomorus in Iran. The Multi Focus technique was used to obtain the best image of the
dorsal surface of the head. Two types of Landmarks 1 and 3 were used to obtain geometric information from the scales of the head. To
obtain two-dimensional coordinates, landmarks were digitized using tpsDig. For all landmarks, Procrustes Landmark or GPA analysis
was performed using PAST software. Also, all landmarks were analyzed by PCA or Principal Components in PAST software based on
the variance-covariance matrix between different groups and OTUs. The results showed that the most changes occurred in the head
scales of O. persicus and O. maranjabensis. In O. nuchalis populations, an OTU1 was found based on changes in the head scales, being
no overlap in the wireframe graph. This population (OTU 1) is distributed in central regions of the Iranian plateau and phylogenetic
studies are needed to confirm it as a new species.
Key words: Geometric, Ophiomorus, head scales, Iran, biogeography, biodiversity

1. Introduction
The genus Ophiomorus DUMÉRIL & BIBRON, 1839,
considered as one of the genera of the Scincidae family,
currently contains 12 described species distributed
unequally in the world (Kornilios et al., 2018). A
phylogenetic study revealed its sister relation with the
genus Mesoscincus from Central America (ŠMÍD et al.,
2014). Nine species of the genus are distributed in south
and southwest Asia and three of them are inhabited in
the west of the Palearctic, namely in southeastern Europe,
the Middle East, and the eastern Mediterranean region
(see Figure 1) (Pyron et al., 2013; Hedges, 2014; Damadi
et al., 2015). Seven species are presented in the territory
of Iran which consist of four endemic species and three
nonendemic species (see Figure 2). Iranian endemic

species comprise O. maranjabensis, O. nuchalis, O. persicus,
O. streeti, and nonendemic species include O. blanfordii,
O. brevipes, and O. tridactylus. (Figure 3) (ÍMÍD et al.,
2013; Hosseinzadeh et al., 2014). Almost all members of
this genus are completely cryptic and found in habitats
with quite different surfaces. While O. punctatissmus
and O. persicus species hide in sandy dunes inside small
cavities or under boulders. O. nuchalis and O. brevipes
live in hard soils with loam. O. tridactylus, O. blanfordii,
O. raithmai, and O. maranjabensis live in loose and mixed
sand (Anderson, 1999). The genus is a monophyletic
group taxon due to its very short or lacking of limbs,
which is one of the main features of the Skink members
(Anderson, 1999; Pyron et al., 2013). Previous studies
on the genus have mainly been based on morphological
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Figure 1. The genus Ophiomorus currently comprises 12 extant species and distribution from southeastern Europe (mainland of Greece)
to western India (Camaiti et al., 2019).

Figure 2. Map of the localities of Ophiomorus species in Iran analyzed in this study. Stars indicate
specimens referred to OTUs.
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Figure 3. Photos of the species of the genus Ophiomorus in Iran: O. tridactylus
(A), O. brevipes (B), O. nuchalis (C), O. persicus (D), O. blanfordii (E), and O.
streeti (F).

traits, particularly differences among scales of the head.
Anderson (1999) divided members of the genus into
three species groups, namely Brevipes, Tyidactylus,
Punctatissimus based on their tendency to limb reduction
(especially fingers), and into western and eastern groups
based on habitat selection and morphology. In recent
years, a new species of this genus has only been described
on the basis of morphological characteristics (Kazemi et
al., 2011). Therefore, the aim of this study was to investigate

and determine the diversity of morphological features
within and between species in the range of distribution of
different populations along the Zagros Mountains in Iran.
A solid mathematical method is established in accordance
with the study of organismal shape while preserving
the geometric properties of the structures of interest,
geometric morphometric (GM) methods present a more
powerful tool to study the morphological differences in a
more realistic and amalgamated manner in comparison
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with previous morphometric tools (Bookstein, 1986; Rohlf,
2000; Kaliontzopoulou, 2011). Correspondingly, over
the past two decades, herpetologists have taken benefits
from the modern toolkit of geometric morphometrics
to further enhance our knowledge about the astounding
morphological difference that exists across amphibian and
reptile taxa (Kaliontzopoulou, 2011).
It is necessary to understand morphological changes
as a major issue in evolutionary, developmental, and
comparative biology. Geometric morphometric methods
with homologous indices rely on the data sources of the
figure, and the level of detail and accuracy increases with
the amount of information contained in the configuration
of the index (Ibáñez et al., 2015). In fact, linear
measurements of scales on the head are not accurate,
so these measurements of scales on the head cannot
show changes in the shape of the scales of the head well.
Geometric morphometry is a powerful tool to analyze
morphological changes (Ibáñez et al., 2015). The geometric
morphometric methods can observe and visualize certain
elements of deformation by focusing on different angles
of a complex structure. Thus, there are new and unknown
taxa in the genus Ophiomorus in Iran.
2. Materials and methods
2.1. Study site and species
In total, 54 adult specimens of seven species of Ophiomorus
(3 specimens of Ophiomorus blanfordii, 2 specimens
of Ophiomorus brevipes, 10 specimens of Ophiomorus
maranjabensis, 6 specimens of Ophiomorus nuchalis,
3 specimens of Ophiomorus persicus, 14 specimens
of Ophiomorus streeti, 12 specimens of Ophiomorus

Figure 4. Photography method and equipment.
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tridactylus, 3 specimens of OTU 1 and 1 specimen OTU
2) from different regions of the distribution range of
the genus in Iran were analyzed in this study. Sampling
was performed from April 2019 to September 2021. See
Figure 2 and Appendix 1 for more details on the samples
examined and sample collection points.
2.2. Geometric morphometric
To determine the geometric morphometrics of different
species of the genus Ophiomorus in Iran, geometric
morphometric analyses were used. To check the geometric
morphometry, digital photographs were taken from the
dorsal surface of the head through a Canon T4 DSLR
camera and a 75–300mm EF lens with a fixed focal length
and a stereoscope. In addition, the species were positioned
10 cm from the camera with using a fixed tripod (see
Figure 4).
In this study, a stereoscope was used to obtain the
best image of the dorsal surface of the head, but the depth
of field of the images was not clear due to the lack of
diaphragm in the stereoscope. To solve this problem, the
Multi Focus technique was used to obtain a clear image
of each sample. Five to nine images were recorded with a
variable Focal Point. Then, we hypothetically divided the
head of the studied samples into 5 to 9 sections, moved
the Focal Point between these sections and recorded each
image of these sections. Finally, the obtained images with
sections, in Helicon Focus 7 software, we put different
resolutions on top of each other and got a single coherent
image with full resolution from the back surface of the head.
The geometric morphological method was used to study
the diversity of head scales in 54 samples of Ophiomorus
species in Iran. To obtain geometric information from
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the scales of the head, two types of Landmarks 1 and 3
were placed on high-quality images of the back surface
of the head. Thirty-three landmarks were placed on the
back surface of each specimen (see Figure 5). Tables 1
and 2 provide definitions of landmarks, and Appendix 2
provides more details on landmarks. Type 1 landmarks
are classic landmarks located at the junction of two or
three scales. Type 3 landmarks are exclusively geometric
which is calculated and defined as external points on the
outer edge of the scales with using a reference line. Type 3
landmarks were used to border wall scales (Rajabizadeh et
al., 2015). Landmarks were digitized using tpsDig (version
2) to obtain two-dimensional coordinates (Rohlf, 2012).
To prevent spectator error, all images were digitized twice
to evaluate the digitization-related error. Landmarks with
obvious errors were then removed from the data set.
Prior to analysis, Procrustes Landmark or GPA analysis
was performed using PAST software version 17/2 for all
landmarks to even out the size of the image and eliminate
image changes and rotations (Rohlf and Slice, 1990;
Rajabizadeh et al., 2015). To investigate the patterns of
separation between different groups, all landmarks were
analyzed by Principal Component Analysis (PCA) in
PAST software based on the variance-covariance matrix
between different groups and OTUs. To obtain a large
number of landmarks and greater clarity in PCA analysis,
EDMA transformation was performed and all landmarks
were converted to distances. Then, the distances between
landmarks that were taxonomically significant were
selected for PCA analysis, and PCA analysis was performed
at these intervals (see Table 3).
3. Result
In principal component analysis, based on all 33 landmarks
of the head, 54 samples of Ophiomorus species are as
follows:
The numerical percentages of variance for PC1, PC2,
and PC3 are equal to 31.786%, 27.729%, and 13.897%,
respectively. In the scatter plot based on 33 landmarks,
the species including O. maranjabensis and O. persicus
are completely isolated from the other species and OTUs
along the PC1. But O. streeti and O. tridactylus overlap
in the center of the PC1 and PC2 axes. Also, O. nuchalis,
O. brevipes, OUT 2 (Ophiomorus cf. blanfordii), and O.
blanfordii are separating the PC2 axis. But in the scatter
diagram for PC2 and PC3, the position of the species
and the OTUs completely overlap, and most species are
inseparable (see Appendix 3).
Principal Components Analysis based on the selected
distances between the landmarks revealed that PC1,
PC2, and PC3 are 43.266%, 18.682%, and 15.840%,
respectively; but in the scatter plot of PC1 and PC2, which
are based on selected distances between the landmarks,

Figure 5. Landmarks that were used on the intersection of dorsal
head scales in Ophiomorus. For detailed definitions of each
landmark see Appendix 2.

O. maranjabensis, and O. persicus are completely isolated
from other species and OTUs along the X-axis. This
shows that the two species can be distinguished based
on significant traits in the distance of landmarks placed
on the scales of the head. Ophiomorus streeti and O.
tridactylus, however, have the most overlap in the center
of the PC1 and PC2 axis, followed by O. nuchalis, OTU1
(Ophiomorus cf. nuchalis, Ophiomorus cf. blanfordii), O.
blanfordii, and O. brevipes that at the closest point are
located around the PC2 axis and have no overlap in any
part of the PC1 and PC2 diagrams. In Scatter plot analysis
for PC2 and PC3 based on a significant selection between
landmarks, the species position ratios overlap at the center
of the PC1 and PC2 plot, and only O. brevipes and OUT 2
(Ophiomorus cf. blanfordii) species in this scatter plot are
separated from other species (see Appendix 3 for more
details). Wireframe Graph changes along PC2 in scale
factors which equal –0.09 to +0/09 for all studied species
are shown in Figure 6. Along PC2, the position of different
species and populations related to each other can be clearly
seen on the diagram because in scale factor –0.09 to –0.06
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Table 1. Definitions of landmarks used on the dorsal aspect of the head. Landmarks 3, 6, 7, 8, 9, 11, 12, 13, 14, 15, 16, 17 are from the
left side, 1, 30, 29, 28, 27, 25, 24, 23, 22, 21, 20, 18 are from the right side, and 4 and 5 are from the anterior midline of the head. More
details in Appendix 2.
Number

Definition of Landmark

3&1

Intersection point of sutures between the upper nasal and lower nasal scale

4

Intersection point of sutures between the upper nasal and upper nasal scale

6 & 30

Intersection point of sutures between the upper nasal, loreal, and frontonasal scale

5

Intersection point of sutures between the upper nasal and frontonasal scale

7 & 29

Intersection point of sutures between the loreal, prefrontals, and frontonasal scale

8 & 28

Intersection point of sutures between the prefrontal, frontal, and frontonasal scale

9 & 27

Intersection point of sutures between the prefrontal, anterior supraocular, and frontal scale

11 & 25

Intersection point of sutures between the second and third supraocular and frontal scale

12 & 24

Intersection point of between Upper corner interparietal and frontal scale

13 & 23

Intersection point of sutures between the parietal, interparietal, and frontal scale

14 & 22

Intersection point of sutures between the parietal, posterior supraocular, and frontal scale

15 & 21

Intersection point of sutures between the parietal, posterior supraocular, and primary temporal scale

16 & 20

Intersection point of sutures between the parietal, nuchal and secondary temporal scale

17 & 18

Intersection point of sutures between the parietal, nuchal and interparietal scale
Table 2. Definitions of landmarks used for type 3 landmarks. The grid was used to put semi landmarks on the
parietal scales. For type 3 landmarks 2, 10, and 26: We divided the scales into several grids by several parallel
lines and placed the midpoint of the scales crown for the landmark.
Number

Definition of Landmark

2

The anterior-most point at the midpoint between rostral

10

The anterior-most point at the midpoint between the second right supraocular

19 & 33

Landmarks 19 and 33 were placed where the left Nuchal scale has the longest

26

The anterior-most point at the midpoint between the second left supraocular

31 & 32

Landmarks 31 and 32 were placed where the left nuchal scale has the widest width

the first species separated from the rest is O. persicus. The
shape of scales in this range shows –0.06 to –0.09 that the
most changes in frontal, interparietal, parietal, and nuchals
scales occurred for these species in comparison with the
consensus form. In scale factors between –0.03 to –0.06,
O. blanfordii and OTU1 are discriminated due to the
most changes in the frontal scales relative to O. persicus.
The frontal scales and supraocular have been stretched
forward, so the frontal scales are wider in O. persicus.
Interparietal scales, nuchals scales, and parietal scales
on both sides of the head in these specimens are larger
and wider than these scales in O. persicus. But in scale
factors between –0.03 to 0, the samples of O. nuchalis, O.
tridactylus, OUT 2, and O. brevipes are separated from the
rest of the samples in the diagram with the least changes
in the shape of the scales in comparison with the shape
of the consensus and are very similar in shape and size to
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consensus. Finally, in scale factors between 0 to +0.03 and
+0.60 to +0.09, first O. streeti and then the species of O.
maranjabensis are separated from the rest of the samples
and with the most shape changes in the scales of the head.
For O. streeti, interparietal, parietal, and nuchal scales are
larger than the average scales of all species. But the shape
of the frontal scales in O. maranjabensis has the most
changes relative to the average shape of the head scales in
all species, and the landmarks of the frontal scales have
the most extension toward the supraocular. The common
landmarks between the interparietal and the frontal extend
inward the frontal scales. Also, the distance between
the frontonasal scales and the rostral scales is reduced.
As a result of this shortening, the frontonasal scales are
enlarged and nuchals scales in O. maramjabensis are more
elongated than the average nuchals scales in all species (see
appendix 4 for more details).
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Table 3. Selected distances from landmarks in geometric analysis.
Distances and Landmarks
No. 1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

1
2

2

2

3

3

3

4

4

4

5

5

5

6

6

7

8

8

8

8

8

9

9

9

9

9

10

10

10

10

10

11
12

10
11

12

12

12

13

13

13

14

14

12
13

13

14

14

14

14

15
16
17

17

17

17

17

17

16

16

17

17

17

18
19
20
21
22

22

23

23

24

24

25
24

25

25

Distances and Landmarks

26

26

27

27

28

28

29
30

29
30

30

31
32
33

4. Discussion
Geometric morphometrics is a method of measuring
morphology that has revolutionized the study and
understanding the morphological diversity (Rohlf and
Marcus, 1993; Adams, 2000; Adams, 2000; Kaliontzopoulou,
2011). Geometric morphometries are expected to be more

32
33

accurate and sensitive than morphometric studies and to
detect subtle differences (Kaliontzopoulouet et al., 2007)
because more variables are evaluated. The shape of the
head contains important information which is sometimes
used for phylogenetic inference (Gentilli et al., 2009;
Ivanović et al., 2013; Tarkhnishvili et al., 2020). Analysis of
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Figure 6. Above wireframe graph in PC2 and scatter plot resulting from the between-group principal components
analysis on specimens of the genus Ophiomorus.

head scales by the geometric morphometrics may provide
the important information that is not available by the
traditional morphometrics and can isolate very close
species of lizards that would otherwise be difficult to
detect. The present geometric morphometric study
generally identified differences in the shape of the scales
on the heads of Ophiomorus species that had previously
been identified solely on the basis of morphometric traits.
Changes in the shape of the scales may reflect changes in
the skull (Kaliontzopoulouet et al., 2007) because scales
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are formed in the lower part of the skull. These cranial
changes are associated with habitat selection and diet type
(Ibáñez et al., 2015). The reason for such changes may be
related to the occupation of different niches by different
species of a genus across latitudes (Ibáñez et al., 2015). The
studies of Ophiomorus species are distributed in different
niches with different latitudes. All of the examined species
differ in the shape of the head scales. The results of this
study show that different populations of Ophiomorus
nuchalis in any part of the PC1 and PC2 diagrams have no
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overlap in terms of changes in the shape of the head scales.
OTU 1 is a population that is different in latitude from the
population of Ophiomorus nuchalis. However, changes in
the shape of the scales of the head can be used as a good
indicator of cranial shape changes and the identification of
new taxa (Costantini et al., 2007). The results of Toyama’s
(2017) study have shown that habitat is a key factor in the
morphological diversity of lizards and there is a strong
relationship between ecology and morphology. Based on
the results of this study, O. persicus and Ophiomorus
maranjabensis are clearly differentiated and isolated from
others in terms of geometric morphometric traits.
Ophiomorus persicus is also separated from other species
of the same genus in terms of habitats (Anderson, 1999).
Ophiomorus persicus is mostly found in the Irano-Turanian
steppe with sandy-clay soil (Kiabi et al., 2013). In O.
maranjabensis, the most changes occurred in the scales of
frontal, interparietal, nuchals, frontonasal, and rostral.
These scales are larger and more elongated than other
species. Hence, the head shape in this species is more
pointed compared to other Ophiomorus species. Pointed
heads, more effective for head-first burrowing, are
common in limbless fossorial vertebrates (Huntley et al.,
2021). These changes in the head scales seem to help it to
sink easily into soil loose sandy. As the study by
Vanhooydonck et al. (2011) revealed that head shape has
positively correlated with burrowing time. Thus skinks
with pointed heads took less time to burrow into the soil
(Vanhooydonck et al., 2011). Finally, overall we see the
greatest difference in the shape of the scales between O.
maranjabensis and O. persicus, so this study emphasizes
the great morphological differences between these two
species. According to Anderson (1999), O. persicus and O.
maranjabensis are classified into western and eastern
groups based on habitat selection and morphology,
respectively (Anderson, 1999). In another grouping,
Anderson (1999) places these two species in the
Punctatissimus group and the Tyidactylus group in terms
of the tendency to degenerate the motor organs (especially
the fingers) respectively, (Anderson, 1999). Accordingly,
the geometric morphometric results and shape changes of
head scales in Ophiomorus species of Iran emphasize the
segmentation based on habitat selection and morphology.
As the geometric morphometric analysis of Darevskia
head shape in the studies of Tarkhnishvili et al. (2020)
showed the head shape has convergent patterns related to
habitat type. Therefore, in PCA results (see Appendix 3;
Figures A and B), O. streeti and O. tridactylus have the
most similarity in the shape of head scales (see Figure 6).
These two species live in the southeastern regions of Iran
with completely sand dune habitats. One hypothesis is that
this resemblance in the head is likely to help these species
quickly take refuge in dune sand. Further studies are

needed to test this hypothesis. But Barros et al. (2011)
showed that the development of the skull (and possibly the
shape of scales of the head) in the lizards of the
Gymnophthalmidae family is directly related to habitat
type and is based on the type of excavation life on Earth
(Tarkhnishvili et al., 2020). In the geometric morphometric
analysis of Ruane (2015) on six species of Lampropeltis
snakes, although in most cases he could not correctly
distinguish between specie, he indicated that geometric
morphometric methods could be a useful tool to detect the
morphological differences between species and help
confirm species boundaries. Ophiomorus persicus inhabits
the southern and southeastern regions of the country with
a complete steppe habitat. It is not a burrowing species
compared to O. maranjabensis and has smaller head scales.
Thus, the deformity of frontal, intraparietal, parietal, and
nuchals scales in this type can have a convergent association
with habitat types shown in the PCA results. Tarkhnishvili
et al. (2020) showed that ground-dwellers species of
Darevskia have a deeper head and a shorter snout than
rock dwellers. The importance of habitat type in phenotypic
evolution for different groups of lizards has also been
demonstrated elsewhere (Openshaw and Keogh, 2014).
Geometric morphometrics has also been able to distinguish
three Montpellier snakes significantly by their head shape:
Malpolon insignitus insignitus, Malpolon insignitus fuscus
(subspecies of M. insignitus Geoffroy Saint-Hilaire, 1827),
and
Malpolon
monspessulanus
monspessulanus
(monspessulanus Hermann, 1804) (Mangiacotti et al.,
2014; Gabelaia et al., 2018). In a preliminary twodimensional morphometric study of 6 species of Daruskia,
Gabelaiaet et al. (2018) found that these species have a
divergence pattern. Three-dimensional geometric
morphometric studies divided these six species into
different clades and were able to distinguish closely related
species only on the basis of this study. Three-dimensional
geometric morphometric analysis separated individuals
from populations with a pattern of genetic introversion
(Gabelaiaet et al., 2018). Finally, based on the geometric
morphometric study, the researcher was able to distinguish
the subspecies Darevskia obscura (Gabelaiaet et al., 2018).
In the study of Marín et al. (2016) on Phymaturus
patagonicus based on geometric morphometrics, the
results were confirmatory to the previous molecular
studies. As a result, Marín et al. (2016) introduced a new
species of Phymaturus rahuensis (Marín et al., 2016). As a
result of PCA analysis and important differences in the
scales of Ophiomorus specimens, different morphs may be
found in the different populations. A geometric
morphometric analysis showed clearly divergence in head
shape among the sympathetic populations of salamanders
(Rohlf, 2000). Kornilios et al. (2018) reported
morphological differences between the two populations of
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Ophiomorus punctatissimus based on a biometric study in
Greece. As a result, in phylogenetic studies of these two
allopatric populations, the new specie, Ophiomorus
kardesi, was described (Kornilios et al., 2018). Accordingly,
the geometric morphometric properties of OTU1
(Ophiomorus cf. nuchalis) are similar to those of
Ophiomorus nuchalis while OTU 1 shows obvious
geometric morphometric differences in other species of
the same genus. However, due to the small number of
OTU 2 specimens (Ophiomorus cf. blanfordii), we were
not able to reliably compare them with other populations
of Ophiomorus species, and however OUT 2 has the most
similar to Ophiomorus blanfordii in terms of the shape of
its scales. Without traditional morphometric study and
only using geometric morphometric analysis, two OTUs
were almost identified reliably in the study. More research,
including molecular, ecological, and three-dimensional
geometric morphometric studies, are needed to elucidate
the true nature of these two OTUs. Three-dimensional
geometric morphometrics have also been used to identify
fossil lizards (Gary et al., 2017). As mentioned, seven
species of Ophiomorus are distributed in Iran. Now based
on this geometric morphometric study, we can suggest a
further expansion of Ophiomorus nuchalis southwards.
This population of Ophiomorus (OTU 1) is distributed in

the central regions of the Iranian plateau and needs a
phylogenetic study for further confirmation. Due to a
small number of samples studied, OUT 2 (Ophiomorus cf.
blanfordii) could not be well distinguished. Further
sampling and study of this population may result in
increasing the number of Ophiomorus species in Iran to
eight.
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Appendix 1
All available distribution records of the Ophiomorus genus were used in this study.
NO. SPECIES

LATITUDE LONGITUDE LOCALITY ADDRESS

1

Ophiomorus blanfordii

25.121

61.228

Beris Village, Chabahar, Sistan and Baluchestan Province, Iran

2

Ophiomorus brevipes

30.115

55.166

Shahrebabak, Kerman Province, Iran

3

Ophiomorus maranjabensis 34.311

51.863

Marnjab Desert, Aran o Bidgol, Isfahan Province, Iran

4

Ophiomorus nuchalis

35.097

51.855

Mobarakiyeh Village, Varamin, Tehran Province, Iran

5

Ophiomorus nuchalis

34.463

51.156

Hoseynabad-e Mish Mast Village, Qom Province, Iran

6

Ophiomorus nuchalis

34.057

54.803

Mesr Desert,Khour va Biabanak County, Isfahan Province, Iran

7

Ophiomorus nuchalis

33.519

53.855

Anarak-Khur road, Naein County, Isfahan Province, Iran

8

Ophiomorus persicus

29.262

56.979

Rābor, Baft, Kerman Province, Iran

9

Ophiomorus streeti

27.933

58.083

Roudbar Village, Kerman Province, Iran

10

Ophiomorus streeti

26.779

60.371

Espakeh-Chanf road, Sistan and Baluchestan Province, Iran

11

Ophiomorus streeti

27.172

60.735

Iranshahr, Sistan and Baluchestan Province, Iran

12

Ophiomorus tridactylus

25.796

57.815

Bandar-e-Jask, Hormozgan Province, Iran

13

Ophiomorus tridactylus

25.267

60.771

Chabahar, Sistan and Baluchestan Province, Iran

14

Ophiomorus tridactylus

26.128

60.109

Nikshahr, Sistan and Baluchestan Province, Iran

15

Ophiomorus tridactylus

27.628

62.779

Jālq, Sistan and Baluchestan Province, Iran

16

Ophiomorus tridactylus

27.112

63.222

Kuhak, Sistan and Baluchestan Province, Iran

17

Ophiomorus tridactylus

28.105

61.331

Khash, Sistan and Baluchestan Province, Iran

18

Ophiomorus tridactylus

29.068

61.385

Mirjaveh-Zahedan road, Sistan and Baluchestan Province, Iran

19

Ophiomorus tridactylus

31.066

61.652

Dust Mohammad, Zabol, Sistan and Baluchestan Province, Iran

20

OTU 1

31.444

54.998

near Mehriz, 80 km SE form Yazd, Yazd Province, Iran

21

OTU 2

27.349

62.316

Saravan County, east of Sistan and Baluchestan Province, Iran

Locality numbers correspond with those in Figure 2.
Appendix 2
The definition of landmarks that were used on the intersection of dorsal head scales in Ophiomorus specimens are as follows.
Type 1 landmarks are defined as follows: (L1–1), intersection point of sutures between the left upper nasal (UN) and left lower nasal (LN)
scale; (L3–1), intersection point of sutures between the right upper nasal (UN) and right lower nasal (LN) scale; (L4–1), intersection
point of sutures between the left upper nasal (UN) and right upper nasal (UN) scale; (L5–1), intersection point of sutures between the
left and right upper nasal (UN) and frontonasal (FN) scale; (L6–1), intersection point of sutures between the right upper nasal (UN),
right loreal (lo), and frontonasal (FN) scale; (L7–1), intersection point of sutures between the right loreal (lo), right prefrontals (pf), and
frontonasal (FN) scale; (L8–1), intersection point of sutures between the right prefrontal (pf), frontal (f), and frontonasal (FN) scale;
(L9–1), intersection point of sutures between the right prefrontal (pf), right anterior supraocular and frontal (f) scale; (L11–1), intersection
point of sutures between the second and third right supraocular (SO) and frontal (f) scale; (L12–1), intersection point of between upper
right corner interparietal (IP) and frontal (f) scale; (L13–1), intersection point of sutures between the right parietal (PA), interparietal (IP)
and frontal (f) scale; (L14–1), intersection point of sutures between the right parietal (PA), right posterior supraocular (SO) and frontal (f)
scale; (L15–1), intersection point of sutures between the right parietal (PA), right posterior supraocular (SO) and right primary temporal
scale; (L16–1), intersection point of sutures between the right parietal (PA), right nuchal (N) and right secondary temporal scale; (L17–1),
intersection point of sutures between the right parietal (PA), right nuchal (N) and interparietal (IP) scale; (L18–1), intersection point
of sutures between the left parietal (PA), left nuchal (N) and interparietal (IP) scale; (L20–1), intersection point of sutures between the
left parietal (PA), left nuchal (N) and left secondary temporal scale; (L21–1), intersection point of sutures between the left parietal (PA),
left posterior supraocular (SO) and left primary temporal scale; (L22–1), intersection point of sutures between the left parietal (PA), left
posterior supraocular (SO) and frontal (f) scale; (L23–1), intersection point of sutures between the left parietal (PA), interparietal (IP) and
frontal (f) scale; (L24–1), intersection point of between upper left corner interparietal (IP) and frontal (f) scale; (L25–1), intersection point
of sutures between the second and third left supraocular (SO) and frontal (f) scale; (L27–1), intersection point of sutures between the left
prefrontal (pf), left anterior supraocular and frontal (f) scale; (L28–1), intersection point of sutures between the left prefrontal (pf), frontal
(f), and frontonasal (FN) scale; (L29–1), intersection point of sutures between the left loreal (lo), left prefrontals (pf), and frontonasal (FN)
scale; (L30–1), intersection point of sutures between the left upper nasal (UN), left loreal (lo), and frontonasal (FN) scale.
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Component 2

Appendix 3
Principal components analysis based on all 33 landmarks placed on the heads of 54 specimens of Ophiomorus species.
Figure A is a scatter plot diagram for PC1, PC2, and PC3 showing the position of species and OTUs relative to each other
based on the position of the landmarks.
Figure B is a scatter plot diagram for PC1, PC2, and PC3 showing the position of species and OTUs based on the selection
of important distances between landmarks, relative to each other.
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Appendix 4
Wireframe Graph in PC2 (Principal component 2) in Set Scale Factor –0.09 to +0.09:
A, F Wireframe Graph in PC2 (Principal component 2) in Set Scale Factor –0.09 to –0.06 for example Ophiomorus persicus; B, G
Wireframe Graph in PC2 (Principal component 2) in Set Scale Factor –0.06 to –0.03 for OTU1 and Ophiomorus blanfordii; C, H
Wireframe Graph in PC2 (Principal component 2) in Set Scale Factor –0.03 to 0 for Ophiomorus nuchalis, Ophiomorus tridactylus, OUT
2 and Ophiomorus brevipes; D, I Wireframe Graph in PC2 (Principal component 2) in Set Scale Factor 0 to +0.03 + for Ophiomorus
streeti; E, J Wireframe Graph in PC2 (Principal component 2) in Set Scale Factor +0.60 + +0.09 for Ophiomorus maranjabensis.
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